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Summary findings
Agenor and Pizzati study the dynamics of output,  wages and output expands. Consumption falls on impact
consumption,  and real wages induced by a disinflation  but increases afterward.
program based on permanent and temporary reductions  In addition, with a temporary shock, a current account
in the nominal devaluation rate.  deficit emerges and, later, a recession sets in, as
They use an intertemporal  optimizing model of a small  documented in various studies.
open  economy in which domestic households face  With endogenous capital accumulation, numerical
imperfect world capital markets, the labor supply is  simulations show that the model can also predict a boom
endogenous, and wages are flexible.  in investment.
The model predicts that, with a constant capital stock
and no investment, there is an initial reduction in real
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Stabilization  programs  based  on the  use of the  exchange  rate  as  a  nomi-
nal anchor have often been characterized  by a boom-recession  cycle, a  real
exchange rate  appreciation,  and  persistent  current  account  deficits.  In the
Southern  Cone  "tablita"  experiments  of the late  1970s in Argentina,  Chile,
and Uruguay, for instance,  aggregate consumption  increased in real terms by
an  average of ten  percent  in  the first  year following the  implementation  of
the plan,  before slowing down (see Calvo and  V6gh (1994)).  An expansion
in investment  (often associated with  an increase in imports  of capital  goods)
and  a  rise  in  labor  supply  have  also been  observed  in  some of these  pro-
grams  (Rold6s (1995)).  The output  and domestic  absorption  booms  appear
to have been observed in both  successful and unsucessful exchange rate-based
stabilization  attempts.'
Various theories have been proposed to  explain the boom-recession  cycle
in exchange-rate  based stabilization  programs.  One branch  of literature,  de-
veloped in particular  by Helpman  and Razin  (1987), emphasizes the  wealth
effects of stabilization  programs.  A second  approach  is the  temporariness
hypothesis,  developed  by  Calvo  and  Vegh  (1993).  A key  feature  of  this
approach  is its  emphasis  on the  interactions  between  the  lack of credibil-
ity (modeled  as a temporary  policy change) and  intertemporal  substitution
effects.  A transitory  reduction  in  the  devaluation  rate  is  equivalent  to  a
temporary  fall in  present  prices relative  to  the  future,  and  induces  an  in-
tertemporal  substitution  in  consumption  toward  the  present-leading  to  a
rise in output,  real exchange rate  appreciation,  and a current  account  deficit.
However, evidence on the  temporariness  hypothesis  is mixed.  In particular,
the econometric study by Reinhart  and Vegh (1995) suggested that  although
it can explain  the  behavior of consumption  in some of the  programs  imple-
mented  in the  1980s, it is less useful for the  tablita  experiments  of the late
1970s in Argentina,  Chile, and  Uruguay.  Essentially, the  low intertemporal
substitution  parameters  estimated  for these  countries  suggest  that  nominal
interest  rates would have had to fall by substantially  more than  they actually
'Research by Easterly (1996) and Gould (1996) has shown, however,  that  output and
absorption tend  to rise at  the inception of both money-based (MBS) and exchange-rate
based (ERBS) stabilization programs.  Gould (1996) for instance found that  real output
growth tends to increase in all the programs in his sample (except for the 1985  stabilization
in Bolivia). Output growth, nevertheless,  appears to be higher in the immediate aftermath
of ERBS compared to MBS.
2did to  account  for a sizable  fraction  of the  consumption  boom  recorded  in
the data.
A third approach  to the behavior of consumption  and output  in exchange-
rate based programs emphasizes the supply-side effects of stabilization.  Rold6s
(1995),  in  particular,  analyzed  these  effects in  a  model  of a  dependent-
economy with  capital  (which plays a dual role as a financial asset and  a pro-
duction  input),  endogenous  labor  supply, and  a  cash-in-advance  constraint
(following Stockman  (1981)) on purchases  of both  consumption  and  capital
goods.  Rold6s  showed that,  as a  result  of the  cash-in-advance  constraint,
inflation creates  a wedge between the real rate  of return  on foreign-currency
denominated  assets  and  that  of  domestic-currency  denominated  assets-
which include  money and  capital.2 Thus,  a stabilization  program  based  on
a permanent-and  thus  fully credible, in the  Calvo-Wgh  sense-reduction
in the devaluation  rate  (and ultimately  the inflation rate)  reduces the wedge
and leads to  an  increase in the desired capital  stock in the  long run.  In the
short  run, consumption  and investment increase, causing a real appreciation,
a current  account  deficit,  and  an  increase  in output  of home goods.  Dur-
ing the transition  period, firms increase gradually  their  purchases  of capital
goods and  their  capital  stock  (which is constant  on impact),  drawing  labor
resources into the (capital-intensive)  tradables  sector, raising wages and lead-
ing to further  appreciation  of the real exchange rate.  Over time, the increase
in output  of tradable  goods lowers the  initial  current  account  deficit gener-
ated  on impact  by the  increase  in aggregate  demand.  However, this  model
does not  predict  a  recession at  a later  stage  as suggested  by the  evidence.
In a subsequent  paper,  Rold6s (1997) showed that  a gradual  and  permanent
reduction  in the nominal  devaluation  rate leads to  an initial boom  when the
intertemporal  elasticity  of substitution  in labor  supply  is larger  than  that
in consumption.  The expansion  in output  occurs  in both  the  tradable  and
nontradable  production  sectors,  as a result of a reduction  in real wages. The
reduction  in the  devaluation  rate  lowers inflation  and  raises  the  marginal
value of wealth,  thereby  raising the opportunity  cost of leisure and inducing
an increase in labor supply in the initial phase of the program.  The continued
reduction  over time  in the rate  of devaluation  and the rate  of inflation leads
to further  increases in the supply of labor and downward pressure on wages. 3
2Uribe  (1997)  also  analyzes  the  dynamics  of exchange-rate  based  stabilization  in  a
model  in which  inflation  influences  the  rate  of return  on domestic  capital  as opposed  to
the  rate  of return  of foreign assets.
3By contrast,  Rold6s  (1995) found  that  real wages increase during  the  transition  (after
3The  purpose  of this  paper  is to  explore  further  the  role of supply-side
factors in the dynamics of output  and absorption  in exchange-rate  based sta-
bilization  programs.4 As in some existing  studies-such  as those  by Calvo
and  Vegh (1993), Lahiri  (1994), and Rold6s (1995)-we  explicitly  model la-
bor  supply  decisions,  labor  market  equilibrium,  and  capital  accumulation
in  an  infinite-horizon,  intertemporal  optimizing  framework.  The  analysis,
however, departs  from the current  literature  by assuming  (following Agenor
(1997)) that  domestic  households  face imperfect  world  capital  markets.  As
a result  of these  imperfections,  capital  mobility is imperfect,  and  domestic
interest  rates  are determined  by the equilibrium  condition  of the  domestic
money market.  A key difference between our model  and those  that  assume
perfect  capital  mobility  is that  our  framework does not  require  the  rate  of
time preference to be equal at all times to the world interest  rate.  In optimiz-
ing models with infinite horizon and perfect capital  mobility, it is necessary to
impose equality between the (constant)  rate  of time preference and the world
interest  rate  to  get  a finite and  positive level of consumption  in the  steady
state.  A problem with that  approach,  however, is that  the steady  state-and
the adjustment  path  to it-depends  not only on the dynamic structure  of the
model but  also on the  economy's initial  conditions.5 This  "hysteresis"  phe-
nomenon, as pointed  out  by lurnovsky  and  Sen (1991) in a related  context,
is what  results  in temporary  shocks having permanent  effects. 6
The remainder  of the  paper  is organized  as follows.  Section  II presents
the basic model, which assumes that  the capital stock is constant,  and derives
its dynamic  form.  Section III examines  the short-  and long-term  effects of a
reduction  in the nominal devaluation  rate  in this setting.  Section IV extends
the basic framework to  account  for capital  accumulation  in the  presence of
installation  costs,  using a Tobin-q approach  to investment  decisions.  A key
feature  of the extended  model is that,  with endogenous labor supply, invest-
ment  decisions are  not  independent  of consumption  decisions.  Changes  in
falling on impact),  whereas  the  long-run  effect on labor supply  is ambiguous.
4An analysis of alternative  models based on simulation  techniques  by Rebelo  and Vegh
(1997) emphasized  the  importance  of supply-side  factors  (notably  the  role of real  wages)
in explaining  the  boom-recession  cycle.
50f  course, alternative  approaches,  such  as those  based on Uzawa preferences  or finite
lifetimes-as  in the Blanchard-Yaari  framework used by Helpman and  Razin  (1987)-could
be  adopted  to alleviate  this  problem.
6 Another  problem,  specific to the  Calvo-Vegh  model, is that  the  boom-recession  cycle
in consumption  takes  the  form of step  changes-rather  than  the  inverted-U  shaped  path
suggested  by the  evidence (Wgh,  1992).
4consumption  change the marginal  utility  of leisure,  and this  alters  the  sup-
ply of labor  at any given wage.  As a result, the  marginal product  of capital
changes and  this  in turn  affects investment-to  an extent  that  depends  on
capital  installment  costs.  Because of the complexities of the resulting  model,
the transitional  dynamics associated  with a reduction  in the nominal  deval-
uation  rate  are examined in Section V using numerical  simulations.  Finally,
Section VI summarizes the  main results  of the analysis and offers some sug-
gestions for further  research.
2  The  Basic  Framework
Consider  a small open  economy in which perfect  foresight  prevails and four
types  of agents  operate:  households,  producers,  the  government,  and  the
central bank.  The  nominal  exchange rate  E  (defined as the  home-currency
price of foreign currency)  is depreciated  by the  central  bank  at  a constant
rate,  s.  The economy produces  a traded  good, whose foreign-currency  price
is constant  and normalized  to  unity.  The capital  stock is fixed initially,  and
labor  is homogeneous.  Domestic  production  takes  place  under  decreasing
returns  to labor.
Households hold two categories of financial assets in their  portfolios:  do-
mestic  money  (which bears  no  interest)  and  domestic  government  bonds.
They also borrow on world capital  markets, subject  to a rising risk premium.
The government  consumes the  domestic  good, pays interest  on its  domestic
debt,  and  balances its  budget by levying lump-sum taxes  on households.
2.1  Households
Assuming that  government expenditure  does not yield direct  utility, the rep-
resentative  household's  discounted lifetime utility  can be written  as
foo l-7  + ln A'ma-a  -Ptdt,  (1)
where p > 0 denotes  the rate  of time  preference (assumed  constant),  c con-
sumption  expenditure,  \  leisure, m real  money balances,  q > 0 and  77 =  1,
5and 0 < a  <  1.7 The  instantaneous  utility  function  is assumed  to  be  addi-
tively separable  in consumption,  leisure, and  real money balances.8
Real wealth  of the representative  household a is defined as
a=m+b-1*,  (2)
where b denotes real holdings of government  bonds (which consist  of claims
of infinite maturity),  and  1*  foreign borrowing measured  in foreign-currency
terms.  The flow budget constraint  is given by
a = wns + II + ib-c  - T - (i* + 0)1*-(m  + b)E,  (3)
where nS denotes  labor  supply,  II  firms'  profits,  r  lump-sum  taxes,  i  the
domestic  nominal  interest  rate,  and  E  E/E  the  predetermined  rate  of
devaluation  of the exchange rate.  The term  - (m + b)e accounts  for capital
losses on  real  money  balances  and  the  stock  of domestic  bonds  resulting
from inflation.  The  effective cost of borrowing faced by the  representative
household on world capital markets is equal to i* + 0, where i* is the risk-free
rate and 0 a risk premium,  which is positively related to the household's  level
of foreign debt:
0 = 0(1*.),  01*  > 0.  (4)
Thus,  domestic  households  are  able  to  borrow  more  on  world  capital
markets  only at a higher cost.  The size of the  premium  is related  positively
to the risk of default  on loan obligations.9
7Except when otherwise  indicated,  partial derivatives  are denoted  by corresponding
subscripts,  while  the total derivative  of a function  of a single  argument  is denoted by a
prime. A sign over a variable  refers to the sign of the corresponding  partial derivative.
We also define  2  _  dx/dt.
8The money-in-the-utility-function  approach  adopted here is actually less restrictive
than it may appear;  it is, in particular,  functionally  equivalent  to a shopping-time  model
(Croushore  (1993)). Feenstra  (1986)  showed  that the cash-in-advance  approach  used for
instance  by Calvo  and Vegh (1993)  can be replicated  in a noney-in-the-utility-function
formulation  if households  maximize  a Leontief  instanteneous  utility function  of the form
u[min(c,m)]. As argued by Feenstra, this utility function  can be approximated  by a
concave  utility function of the form u(c, m) with u1cm  >  0.
9The premium can also be assumed to be a convex function of 1*  (01*1* > 0) over the
efficient  portion  of the supply  curve  of funds. The other factors  that are not specified  in
(4) refer  for instance  to the proportion  of gross  assets  (or collateral)  that lenders  can seize
in case  of default. Agenor  (1997)  provides  a more  thorough  discussion  of this approach  to
individual  risk on world  capital markets,  and contrasts  it with the conventional  country
risk approach.
6Households treat  w, II, E, i, i* and  r as given, internalize the effect of their
portfolio decisions on 0, and maximize  (1) subject  to (3) and  (4) by choosing
a sequence  {c, m, A, b, 1*1°0.  Let r  =  i - E  denote the  domestic  real rate  of
interest,  and  or  =  1/1l the  intertemporal  elasticity  of substitution.  Suppose
also that  the  household has  a fixed time  endowment  which is normalized  to
one, so that  n8 =  1 - A. The first-order  optimality  conditions  are given by:
(1 -oc4/m  =  i,  (5)
ac/(1  - n)  = w,  (6)
i=W  (i+  0+  6)  +  1*0,  (7)
1c/  = a'('r  - p),  (8)
together  with the  transversality  condition  lim (e-Pta) = 0.
Equation  (5) equates  the marginal rate of substitution  between consump-
tion  and  money  to  the  opportunity  cost  of holding  money,  the  domestic
nominal  interest  rate.  It  implies that  money demand  is positively related  to
consumption  and  negatively related  to the domestic  interest  rate:
md  =  md(+  3.(9
Equation  (6) indicates  that  the  marginal  rate  of substitution  of leisure
for consumption  is equal to  the going wage. It  yields
nS  n  TZ,s+ C),  (10)
which indicates  that  labor supply  is positively  related  to the  real wage and
negatively to  consumption.
Equation  (7) is the  interest  rate  parity  condition  that  holds  under  the
assumption  of imperfect  world capital  markets.  It  equates the  marginal  cost
of borrowing  abroad  and  the marginal rate  of return  on domestic  assets,  In
turn,  the marginal  cost of foreign borrowing  is given by the  effective cost of
borrowing,  i* + 0, plus  the  devaluation  rate  and  the  increase  in the  cost  of
servicing the existing stock of foreign loans induced by the marginal increase
in the risk premium  (itself resulting from the marginal increase in borrowing),
7Since the premium  is endogenous, the optimal  condition  for foreign bor-
rowing  (equation  (7)) determines  implicitly the  private  demand  for foreign
loans.  Taking a linear  approximation  to  0 yields
I*  =  (i  - 'i*  - E)/')',  (11)
where a  =  201*  >  0.  Equation  (11) shows that  the optimal  level of foreign
borrowing  is proportional  to  the  conventionally-measured  covered  interest
rate  differential,  given by the  difference between  the domestic  interest  rate
and  the  sum  of the  safe interest  rate  and the  devaluation  rate.  When  the
premium is independent  of the household's  level of borrowing  (that  is, when
1y  -40),  equation  (11) yields the uncovered interest parity  condition i = i*+E.
Finally, equation  (8) shows that  total  consumption rises or falls depending
on whether  the domestic  real interest  rate  exceeds or falls below the  rate  of
time  preference.  The  size of the  intertemporal  elasticity  of substitution  af
determines the extent  to which households adjust  their  consumption  profiles
in response to  changes in the differential between  the domestic  real interest
rate  and  the  rate  of time  preference.'0 Because the  desired path  for labor
supply  and  real  money  balances  depends  in  part  on  the  desired  degree  of
consumption  smoothing,  the  intertemporal  elasticity  of substitution  plays
an  important  role in  determining  the  overall dynamics  of the  economy,  as
discussed below.
2.2  Firms  and  the  labor  market
The production  technology  is characterized  by decreasing  returns  to labor:
y =  y(n),  y' > 0, y" < 0,  (12)
assuming for the  moment  that  the capital  stock is given.
From (12), labor demand is given by nd  =  nd(w),  with nd'  ==l/y"  < 0.
The equilibrium  condition  of the labor market  is given by, using  (10):
nd(w)  = ns(w  c)  (13)
10Note that  without separability in consumption and leisure, the rate of consumption
growth would also depend on the rate of real wage growth.  This would be the case, for
instance, if the instantaneous utility function were to take the form
{caA  }l-f} /(1 - )+Inm,  O<(<  1.
8This  condition  can be solved, under  perfect wage flexibility, for the equi-
librium  wage:
w =w(c),  w' > 0.  (14)
Substituting  this  result  in equation  (10) shows that  an  increase  in con-
sumption  has  both  a direct  (negative)  effect on labor  supply  as well as an
indirect,  positive  effect.  On the  one hand,  the  increase  in consumption  in-
creases the  demand  for leisure and  directly  reduces labor  supply.  This  re-
duction,  on  the  other,  creates  excess demand  for labor  and  requires  a  rise
in the market-clearing  wage to maintain  equilibrium-thereby  increasing the
supply  of labor.  It  can be verified that  the  direct  effect dominates  the  indi-
rect effect, so that  an  increase in consumption  unambiguously  lowers labor
supply.  This  relationship  can be written  as
ns =  s[w(c),c]  = N(c).  N'  < 0.  (15)
Substituting  the market-clearing wage given by equation  (14) in the labor
demand  equation  gives nrd =  nd(c),  with  n dl < 0.  Substituting  this  result in
equation  (12) yields:
=  Y 8(c),  (16)
with yS' < 0.
2.3  The  Central  Bank  and  the  Government
The  central  bank,  in  addition  to devaluing  the exchange  rate  at  a constant
rate,  engages in nonsterilized  intervention;  that  is, it ensures the  automatic
and  costless  conversion at  any  given moment  in time  of domestic  currency
holdings  into foreign  currency  (and  vice versa)  at  the  prevailing  exchange
rate.  Because there  is no credit,  the  real money supply  is equal to
mS = R*,  (17)
where  R* is the  central  bank's  stock  of net foreign assets,  measured  in  for-
eign currency  terms.  The  central  bank  receives interest  on  its  holdings  of
foreign assets,  i*R*.  Capital  gains  on  official foreign reserves,  ER*, nor-
mally contribute  to  an increase in the central bank's  net worth,  measured  in
domestic-currency  terms.  In what  follows we assume that  the central  bank's
9net worth remains constant,  and that  net income-inclusive  of capital  gains,
that  is, (i* + e)R*-is  transferred  to the government
The government  consumes a quantity  g of the  domestic good,  and main-
tains  a balanced  budget  by levying lump-sum  taxes on households.  Setting
the constant  stock  of domestic  bonds to zero for simplicity, the  budget  con-
straint  of the  government can be written  as
r = g - (i* +  e)R*  (18)
Finally,  to  close the model requires specifying the  equilibrium  condition
of the  money market.  FRom equation  (5), the  market-clearing  interest  rate
is given by:
i = i(+, m),  (19)
which shows that  the nominal  interest  rate  depends  positively  on consump-
tion expenditure  and negatively on real money balances.
2.4  Dynamic  Structure
Substituting  (17) in (2) yields, given the normalization  rule for b:
l)* = -a  =lI*-R*,  (20)
which shows that,  since the net worth of the central bank and the government
does not change over time  (given the tansfer rule and a continuously  balanced
budget),  the private  sector's  net financial liabilities consist  of the economy's
net stock of foreign debt  (measured in foreign-currency terms),  D*, which is
defined as the difference between private  foreign liabilities and official foreign
assets.
Substituting  equations  (18) and (20) in (3) yields the consolidated  budget
constraint  of the economy:
b*=i*D+0l*I+  c+g  -ys,  (21)
which  indicates  that  the  current  account  deficit (whose counterpart  is the
change in foreign debt)  is the  sum of the trade  deficit and interest  payments
on the outstanding  stock of debt  held by households  and the central  bank."
"Integrating equation  (21) yields  the economy's  intertemporal  budget  constraint
Do  (y1  - c  - g -01*)e  e-  i*dhdt+ lim D*e- f i0dh
10Equations  (8),  (11),  (16),  (17),  (19) and  (21) describe  the  evolution  of
the  economy along any  perfect  foresight equilibrium  path.  The  system  can
be re-written  as:
I*  =  [i(c, R*)  - i*  - Ej/y,  (22)
c|c = u[i(c,R*)  - E -p],  (23)
D* =  i*D  +  01*  +  c +  g  - ys(c),  (24)
with equation  (18) determining  residually  lump-sum taxes.
The  dynamic  form of the  model can be further  reduced  to  a system  in-
volving two variables:  consumption  c, which may jump  in response  to  new
information, and net external debt D*, which is a predetermined  variable that
can change only over time through  current account  deficits and surpluses.  To
begin with,  note that
R*  -(1* - R*) +  I*  = -D*  +  1*,
or, using equation  (22):
*= -D*  +  [i(c,  R*) - i*  -
so that
R*  =  (c,  D*;  E),  (25)
where,  setting3  ,-1/(-y  - im)  > 0:
(Pc =  AC,  (PD =  -O'Y,  WE =  0-'
Substituting  this  result  in equation  (23) yields
c/c = a{i[c,  W(c,  D*,)]  -E  -
The economy cannot maintain indefinitely  a positive or negative net debtor position with
the rest of the world, so the second term on the right-hand side in the above expression
must be zero.  Thus, the current level of foreign debt must be equal to the  discounted
stream of the excess  of future production over domestic absorption plus premium-related
interest payments on private foreign  borrowing.
11so that
c = G(c,I  D*; E),(26)
where, with A =  oa y3:
GC  = icA,  GD  =-imA,  GE  -A.
Substituting  equation  (25) into  (22) yields
I* = A(c, D*; E)  (27)
where
Ar =: i,,3,  AD-  = -i.0,  A,  -
Using (27), equation  (24) can be written  as
D* = i*D* + O[A(c,  D*, E)]A(c, D*, e) + c + g - y'(c),
which can be rewritten  as
n* = ''(+c,  D*; 6),  (28)
where, with  a  ''  denoting  initial  steady-state  values:
iSC  =  1-Ys  + (O  +  iZ1*O)Ac,  TD*  =  i* + (O +  I1*)AD*,  IF, = (6 +  i"'1*)A,.
Equations  (26) and  (28) form a dynamic  system  in consumption  and  net
external debt,  which can be linearized around  the  steady state  to  give
LD*j]  \Ic  D  ]  D*-D*  ]  (29)
Since c is a jump  variable  whereas  D* is predetermined-evolving  con-
tinuously  from  its initial  level Do-saddlepath  stability  requires one  unsta-
ble (positive)  root.'2 To ensure  that  this  condition  holds,  the  determinant
*1 2Note that  although  the  overall net stock of external  debt  D* cannot  change  on impact,
both  official reserves  and  private  foreign  borrowing  may  shift  discretely  in  response  to
changes in interest  rates  because intervention  is unsterilized.
12of the  matrix  of coefficients in  (29)-which  is equal  to  the  product  of the
roots-must  be negative:  TD.  G, - ,CGD.  < 0.  This condition  is interpreted
graphically in Figure  1.
The  steady-state  solution  is  obtained  by  setting  =b*  =  0.  From
equation  (23), the real interest  rate  is equal to  the rate  of time  preference:
r=  -e=p.  (30)
Substituting  this  result in (22) yields
1*  =  (p - i*)/7,  (31)
which indicates that  the steady-state  level of private  foreign debt  is positive
as long as the  rate  of time  preference of domestic  consumers  is sufficiently
high-that  is, if domestic households value the future sufficiently.
In the long-run the current  account  must be in equilibrium,  so that,  from
(24):
C =  (32)
Finally, from  (9) and  (30), long-run  real money balances  are given by
rn  = m(c,  p  +  E).  (33)
The steady-state  equilibrium of the model is depicted  in Figure  1. In the
North-East  quadrant,  the locus [D* =  01  gives the  combinations  of c and D*
for which net private  financial liabilities (or, equivalently here, the economy's
net stock  of foreign debt)  remain  constant,  whereas the  locus [6  = 0] depicts
the  combinations  of c and  D* for which consumption  does not  change over
time.  Since XPD*  > 0, D* is positive  (negative) when D* is to the right  (left)
of the  [D* =  0] locus.  The positive sign of GD  also implies that  c is positive
to  the right  of the  [c = 0] locus and  negative to the  left of it.  This  explains
the  directions  of the  arrows.
Saddlepath  stability  requires that  the  [c =  0] locus be steeper  than  the
[D* =  0] locus.  The  stable path  has a negative slope and  is denoted  SS.  In
the North-West  quadrant,  the upward-sloping  curve LL traces  the combina-
tions of w and c for which the labor market  is in equilibrium,  as indicated  in
equation  (14). Finally, the South-West quadrant  traces  the negative relation
between wages and  output  supply, obtained  by substituting  the demand  for
labor function  nd  =  nd(w) in equation  (12). The initial  steady-state  level of
output  is obtained  at point  Q.
133  Reduction  in the  Devaluation  Rate
Consider first  a permanent  and  unanticipated  reduction  in the  nominal  de-
valuation  rate  E, with  no discrete  change in the level of the  exchange  rate.
As can be  inferred  from  (30) and  (31),  the reduction  in  E has  no long-run
effect on the  real interest  rate  (which is tied to  the rate  of time  preference)
or private  foreign borrowing.  But  because the nominal  interest  rate  falls in
the  same proportion  as the  devaluation  rate,  thereby  reducing  the  oppor-
tunity  cost  of holding  money, the  demand  for  domestic  cash  balances-at
the initial  level of consumption-rises  (equation  (33)).  The official stock  of
reserves must therefore  increase; and because private  foreign borrowing  does
not  change in the long run,  the economy's overall stock  of debt  must  fall in
the  new steady  state,  implying  a lower deficit in  the  services account.  To
maintain  external  balance, as implied by equation  (32), the initial trade  sur-
plus must fall-or  equivalently  private  consumption  must  rise.  The increase
in  private  expenditure  also raises  the  demand  for  domestic  cash  balances,
lowers the supply  of labor,  and raises real wages. The fall in employment  is
associated  with a reduction  in domestic  output.
On impact,  as shown in  Appendix  I.  For a given level of the  domestic
nominal  interest  rate,  the  reduction  in E leads to  a discrete  increase  in pri-
vate foreign borrowing.  This leads in turn  to  an offsetting increase in official
reserves (and thus  a rise in the real money stock)  to maintain  the  economy's
stock of foreign debt  constant  on impact.  For a given level of consumption,
the nominal  interest  rate  falls.  For foreign borrowing  to  increase,  the  do-
mestic real interest  rate must  increase; in turn,  this  implies that  the nominal
interest rate  must fall by less than  the reduction  in the devaluation  rate.  The
increase in the  real interest  rate  creates  an  incentive for households  to shift
consumption toward the future.  Consumption therefore falls on impact.  As a
result  of the  reduction  in private  spending,  labor supply  increases,  reducing
wages and  stimulating  output.  The  trade  balance  therefore  improves.  At
the same time, the negative income effect associated  with  the increase in the
premium-related  component  of interest  payments  (itself resulting  from  the
increase in private  foreign borrowing) raises the initial  deficit of the services
account.  Nevertheless,  the  increase  in the  trade  surplus  outweighs  the  ad-
verse movement  in the services account,  and  the  current  account  improves,
leading to  a fall in external  debt  (Do < 0).  Because the shock is permanent,
the current  account  remains  in surplus throughout  the  adjustment  process.
After  its  initial  drop,  consumption  begins  increasing,  and  the  real  interest
14rate  falls gradually  toward  the rate  of time  preference.
The  dynamics  of consumption  and  net  external  debt  are  illustrated  in
Figure 2. Both the  [c = 0] and  [D* = 0] curves shift to the left.  Consumption
jumps  downward  from  point  E  to  point  A on  impact,  and  begins  rising
afterward.  The economy's stock of foreign debt falls continuously  during  the
transition  to the new steady  state,  which is reached  at point E'.  Real wages
jump  downward on impact  from point  H  to point  F  on the  LL curve,  and
starts  rising toward  its new long-run equilibrium  position, point  H'.  Output
rises on impact from point Q to point M, and begins falling afterward  (toward
point Q'),  as a result  of the gradual  increase in wages.
Consider  now a temporary  reduction  for the  period  (0, T)  in the  deval-
uation  rate.  As is well-known in this  type  of models,  the  adjustment  path
depends  on  the  length  of the  period  during  which the  devaluation  rate  is
reduced.  Figure  2 illustrates  one  particular  outcome,  in  which,  consump-
tion, after falling from point E to  point A, begins to increase." 3 The current
account  moves at  first  into  surplus  (Do  <  0)  and  output  increases.  The
economy reaches the original saddlepath  SS  at point B,  exactly at period T.
During the first part of the adjustment  process, between A' and B,  consump-
tion increases and output  falls. After point B,  consumption  starts  falling and
output  once again.  The current  account moves into deficit, and  the stock  of
foreign debt increases.
Thus,  the  results  associated  with  a  temporary  shock  indicate  that  the
model  is capable  of reproducing  some of the  "stylized  facts"  of exchange-
rate  based  stabilization  programs  mentioned  in the  introduction:  a  boom-
recession cycle in output  (associated  with  a reduction  and  a subsequent  in-
crease in real wages) and a current  account deficit in the second stage of the
adjustment  process.  Although  consumption  drops  on impact  (whose mag-
nitude  depends  on the  size of the  intertemporal  elasticity  of substitution),
it follows afterward  the  inverted-U  shape  pattern  observed  in  some  actual
programs.'4 In  addition,  the  assumption  of a constant  capital  stock  in the
above framework prevents  it  from  explaining  another  important  feature  of
exchange rate-based  programs,  namely, an  expansion  in investment.  To do
so requires endogenizing capital  accumulation  and  investment  decisions.
J3See Agenor (1997,  1998)  for a more detailed  discussion  of the dynamics  associated
with a temporary  reduction  in the devaluation  rate in this type of models.
'4Given  that it considers  only one good, the present  model  cannot reproduce  the real
exchange  rate appreciation  that has also characterized  exchange  rate-based  programs.
154  Capital  Accumulation
To account  for capital  accumulation  in the framework developed  above, we
write the production  function in the form
y = y(n, k),  (34)
where k is the capital  stock.  The function  y(Q)  is assumed  to possess all the
standard  neoclassical properties.  In particular,  it exhibits  constant  returns  to
scale and production  inputs  are gross complements  (Ynk > 0). For simplicity,
we also assume that  the  capital  stock does not  depreciate  over time.
To model  investment  decisions,  we follow the  literature  on installation
costs, and assume that  in order to invest I units of output,  the representative
firm  must  spend  IG  =  I[1 +  I(.)]  units  of the  good,  with  1Q(  )  denoting
the  installment  cost  function.  More specifically, P(.)  is assumed  to  depend
linearly on the ratio  of investment to  the existing  capital  stock,  I/k:
IG  =  I(l  +  XI)  (35
where 0 is a positive constant,  which determines the degree of intertemporal
substitution  in  production,  that  is,  the  response  of investment  to  a  given
increase in the shadow value of capital.15
Using (35), the  firm's cash flow is thus  given by
y(n,k)  - wn  - I(1 +  k  Z),  (36)
which is linearly homogeneous in capital,  labor  and investment.
Suppose now that  the representative  firm maximizes its net present worth
(that  is, the  net  present  value of future  earnings),  given by its  production
technology and  capital  stock, which evolves over time  according to
k = I.  (37)
15See Abel and Bnlanchard (1983) and, more recently, Serv6n (1996). Convex adjust-
ment costs give firms an incentive to smooth the adjustment path  of the stock of capital
over  a period of time, with the optimal amount of adjustment depending on the differential
between the equity price of capital over the unitary replacement cost. By contrast, non-
convexities  in the adjustment cost function would tend to cause discontinuous adjustment
in the capital stock.
16The firm's optimal  behavior  can thus be  described as
V =max  j{y(n,  k) - wn - I(1 + 0k )}e-Ptdt,
given k.' 6 The optimality  conditions  are given by
yn  (n, k) =w,  =:* n  =n  (w, k),  (38)
I  =  -1),  (39)
q = l  {Yk(n,  k) - )2}e-P(t8)ds,  (40)
together  with the transversality  condition  lim (e-Ptk) = 0.
Equation  (38) is the  demand for labor, derived by equating  the  marginal
productivity  of labor  yn(n, k) to  the  going wage,  w.  Equation  (39)  is the
demand  function  of investment,  where q is the ratio  of the value of installed
capital to its replacement  cost-that  is, Tobin's q, which, as shown in (40), is
such that  the shadow value of capital equals the present  value of its marginal
product."7 As shown by Hayashi (1982), under the assumptions  of a constant-
returns-to-scale  technology and homogeneity of degree one of the installation
cost function  (as is the case here), the marginal value of installed  capital  will
ne equal to  the average value of installed capital.  Put  differently, q can also
be interpreted  as the  market  value of an equity claim on a unit  of installed
capital.
Equation  (40) yields
q=pq-yk(n,k)+-(-)  ,  (41) 2 k
16For simplicity,  the firm's discount  factor  is assumed  to be same as the one  used by the
representative  household.
'7Equation  (39) can be rewritten  as q = 1 + OI/k,  where the  right-hand  side term  is the
marginal  increase in gross investment  resulting from  a marginal  increase in net investment.
Thus,  the  optimal  investment  rate  is determined  by setting  the  marginal  benefit  equal  to
the  marginal  investment  cost.
17where the last two terms  represent the  difference between the  marginal cost
of adding  new capacity  and the marginal  product  of capital.18
Households behave as specified before. In particular,  labor supply is again
given by equation  (10).  However, the representative  household's  real  wealth
(equation  (2)) is now given by
a  =  m +  b  +  qk - 1*.  (42)
In addition,  since labor  demand  depends  now on the  capital  stock,  the
equilibrium wage rate  obtained  by solving (13) is now also a function  of the
capital stock,  in addition  to consumption:
w = w(c, k).  (43)
Substituting  equation  (43) in (38) and  using (34) yields'9
yS  =  yS(c  k), yk(n,k)  =  h(c,k).  (44)
Using (39) and  (44), equation  (41) can be written  as
=  pq  - h(c, k) + 2(q  - 1)2.  (45)
Finally, substituting  (39) in (35) and  (37) yields gross investment  as
IG =  -(q - 1)(1 + q2  )  kv(q),  (46)
with  v'  >  0 and  v(1)  =  0.  The dynamics  of the  capital  stock  are governed
by, from (37) and  (39):
k  =(q  -1.(47)
With  the  same assumptions  as before regarding  the government  and the
central  bank,  and  using  (42),  (44),  and  (46), the  consolidated  flow budget
constraint  of the economy is now given by, instead  of (21):
D* =  i*D*  +  01*  +  c  +  g  +  kv(q)  - y'(c,k).  (48)
'8 Note that,  from (39), if 0 = 0, no investment  will take  place, q will always be equal to
unity  and the  capital  stock will be constant.  At any point  in time,  the  value of the  capital
stock will equal its replacement  cost.  The reason, of course, is that  it makes sense to have
less than  full adjustment  of the  capital  stock only when adjustment  entails  some cost.
19In signing  hk,  it is assumed  that  the  direct  effect of an  increase  in k on the  marginal
product  of capital  outweighs  its  indirect  effect on the  marginal  productivity  of labor.
18The  dynamic  model now consists of (22),  (23), (45),  (47) and  (48).  By
eliminating  1*  as before, this  set  of equations  can be further  condensed into
a differential  equation  system  involving four variables:  private  consumption
c, the  ratio  of the  value of installed  capital  to  its  replacement  cost  q, the
economy's  net  stock  of external  debt,  D*, and  the  capital  stock,  k.  The
system possesses two jump  variables,  c and  q, whereas  k  and D* are prede-
termined  variables.  Saddlepath  stability  therefore  requires two positive and
two negative  roots.
The  steady-state  values of the  system  are given as before by equations
(30), (31), (33), together  with
q  =  1,  (49)
h(c,k)  p  =  k =  s(c),  (50)
with  s' <  0. Finally,  (32) is replaced by
c =  yS(,  k)  -gi*D*  - St*,  (51)
since IG  0.
Conditions for saddlepath  stability  are discussed in Appendix  II. In gen-
eral, only  sufficient conditions  can be established  from qualitative  analysis.
As shown also in Appendix  II, the  steady-state  effects of a reduction  in the
devaluation  rate  are  qualitatively  similar  to  those  obtained  in  the  model
without  capital  accumulation  (see Appendix  I).20
Given the complexity of the model, it is not possible to analyze explicitly
its transitional  dynamics in response to any given shock.  As a result,  numer-
ical simulations  were used to  study  the adjustment  process associated  with
an exchange-rate  based stabilization.
5  Numerical  Simulations
To analyze numerically  the effects of a reduction  in the  devaluation  rate  in
the above setting,  we used Portable  TROLL.2"  The program  uses a Newton
stacked-time  algorithm  to derive its solutions.  The procedure  involves stack-
ing the  time-dependent  equations  of this  non-linear  forward looking model,
20This is intuitively clear from (49) and  (50) which show that  q is invariant to any
shock, and the capital stock varies inversely  with consumption; as a result, solving for the
steady-state effect involves  solving simultaneously only for c and D*.
2'Distributed  by Intex Solution, Needham, MA 02494.
19such that  each endogenous variable is represented  by an  independent  equa-
tion.  The  stacked structure  is then  simultaneously  solved using  a  Newton
procedure. 22 The effects of both  permanent  and temporary  reductions  in the
devaluation  rate  are evaluated  using two alternative  values of the  intertem-
poral elasticity  of substitution,  a.
The  numerical  values  assigned to  the  variables  and  parameters  of the
system are as follows. The initial  devaluation  (or inflation)  rate is 3 percent,
and both  a permanent  and a temporary  drop by one percentage  point in this
rate  are considered.  On the supply side of the model, output  y is normalized
to  1000; the production  function  is assumed to have a constant  elasticity  of
substitution  between labor and  capital  equal to  0.56. The real interest  rate,
r, is initially set to 4 percent,  the same value as the rate of time preference, p.
Consumption,  c, is calibrated  to have an initial  value equal to  80 percent  of
total  output  (c = 800), whereas  the intertemporal  elasticity  of substitution,
a, takes the values of 0.3 and 0.8 for the two scenarios under  consideration.23
Net  external  debt,  D,  is set  at  an initial value of 700, with  private  external
liabilities,  1*, taking  the  value  of  1000; these  values  imply  therefore  that
R* = m =  1000 - 700 = 300.  In equation  (21), the  term  capturing  the  risk
premium,  0(.)l*, is assumed to  take the  quadratic  form  _yl*2/2.  Finally,  the
parameter  0,  which  represents  the  installation  cost  of investment,  takes  a
value of 0.1.
Calibration  of the model around these initial values produces  the baserun
solution.  For the  permanent  disinflation shock,  the  initial  value of the  de-
valuation  rate  drops permanently  by 1 percentage  point  for all 100 periods
considered in this simulation.  For the temporary  shock, the devaluation  rate
drops by 1 percentage  point  only for the  first ten periods,  and then  returns
to  its  initial  value of 3 percent.  The  effect of these shocks on output,  con-
sumption,  Tobin's  q, investment,  domestic  absorption,  the real interest  rate,
external  debt,  and the capital stock are reported  in Figures  3 and  4. In both
cases, the  key variable that  drives the  short-run  dynamics  is the  real inter-
est  rate  (which increases  on impact)  because  of its  effect on intertemporal
decisions.
22See Armstrong et al.  (1998) for a detailed discussion  of this procedure.
23For the numerical simulation, the instantaneous utility function appearing in equation
(1) has been modified to cl-7/(l  -r)  + ln A,mc,  in order to distinguish between labor
supply and money demand elasticities.  Consequently, the  money demand function is
derived from the condition i = axc7  /m  and the labor supply function from nS = T - c7/w,
where A = T - n'  and T denotes the time endowment.
20Consider  first  a permanent  shock to  the  devaluation  rate.  As shown in
Figure  3, consumption,  output,  external  debt  and  the real  interest  rate  be-
have in the same pattern  as in the initial model without  capital  accumulation.
In fact, the mechanism behind these dynamics has not changed.  The drop in
the  devaluation  rate  leads to  an initial increase in private  foreign borrowing
which  drives an  increase  in official reserves  (and  consequently  a rise in the
real money stock) since foreign debt remains constant  on impact.  This leads
to  a fall in the  nominal  interest  rate,  but  to  a smaller  amount  than  the  fall
in the devaluation  rate  (this  is due to money demand  elasticity  and to  the
risk premium),  so that  the real interest  rate  unambiguously  rises on impact.
This  drives the  rest  of the  economy.  Households have an  incentive to  shift
consumption  toward  the  future.  The  fall in  initial  consumption  increases
labor supply,  which lowers the  real wage rate  and  boosts  production.  The
long-run  equilibrium  is also in line with the  new steady-state  results  of the
initial  model.
Introducing  capital  accumulation,  however, may alter  the  effect on the
current  accounts  and  the  external  debt.  The behavior  of investment  sub-
sequent to  a devaluation  shock is in  line with the  evidence with  the  boom-
recession cycle.  As labor supply  and  output  rise, so does investment  due to
its complementarity  to the production  process.  Since in the extended  model
investment  enters the external  debt equation  (see Equation  (48)), the overall
effect on the  current  account  is ambiguous  and  will depend  on the  values
of parameters.  With  a low level of intertemporal  elasticity  of substitution
in  consumption  (in line  with  empirical  evidence;  see  Agenor  and  Montiel
(1999)), the  initial  drop in consumption  is relatively  small  (compare  in Fig-
ure 3 the results  for the different values of a).  Instead,  given a relatively  low
installation  cost,  investment  have a more pronounced  boom  that  outweighs
consumption  in shaping  the  behavior  of domestic  absorption  (which in Fig-
ure 3 follows a boom-recession  pattern).  Depending on the  parameters  used
(in Figure  3 only cr varies), domestic  absorption  may outweigh the effects of
output  causing trade  deficit and  consequently a current  account  deficit.
Figure  4 shows the  effects of a temporary  disinflation  shock,  that  is,  a
reduction in the devaluation rate for ten periods only. As can be observed, the
results obtained  for the first phase of the adjustment  process are qualitatively
similar  to  those  obtained  with  a permanent  shock.  A key difference in the
present  case is that  the  real  interest  rate  experiences  a  discrete  drop  once
the shock is removed, that  is, at period  10. On impact,  and  during  the first
few periods  of the  adjustment  process, all variables  behave in a way similar
21to what  is obtained  with  the permanent  shock. Over time,  all variables now
return  to their  initial baserun  values, including the level of external  debt and
the  stock  of capital.  In  particular,  the  initial  sequence of current  account
surpluses is followed by a sequence of current  account  deficits.
In interpreting  movements in the current  account balance in this model, it
is important  to keep in mind that  we have assumed  the elasticity  of substitu-
tion between labor and capital to be relatively  high (0.56). With lower values
of that  elasticity,  it  would be  possible for the  model to  generate  trade  and
current  account deficits on impact with a temporary  shock, and possibly with
a permanent  shock as well; the reason  is that  with  now two negative  roots,
adjustment  even with  a permanent  shock does not  need to  be monotonic2 24
With  a  temporary  shock,  and  even with  the  current  value  of the  capital-
labor elasticity  of substitution,  it is also possible to generate  external deficits
on impact  depending  on the  length of the period  during  which the  shock is
maintained-very  much like in the  experiment  described  in Figure  2.
Thus,  numerical simulations  of a temporary  reduction  in the devaluation
rate  appear  to  replicate  fairly well the  boom-recession  cycle in output  and
domestic  absorption  associated  with  the  type  of  exchange  rate-based  sta-
bilization  programs  often  implemented  in  developing  countries.  Although
consumption,  once  again,  displays  a  small  downward jump  on  impact,  it
does follow afterward  an inverted-U  pattern,  as suggested  by the  evidence.
The  key assumptions  needed  for obtaining  these results  are a low value of
the  intertemporal  elasticity  of substitution  in consumption  (as observed  in
empirical studies)  and  low investment  installation  costs.
6  Summary  and Conclusions
This  paper  studied  the  role of supply-side  factors  in the  dynamics  of out-
put  and domestic  absorption  in exchange-rate  based stabilization  programs.
First,  a  basic  framework  was presented  to  illustrate  the  main  differences
between this  study  and  some  of the  existing  analytical  literature  on these
programs.  In particular,  the economy was modeled using an infinite-horizon,
intertemporal  optimizing  framework in which domestic  households  face im-
perfect  world  capital  markets.  With  imperfect  capital  mobility,  domestic
24In  the  model  without  capital  accumulation,  a  permanent  shock  could  induce  only
monotonic  movements  in the  stock  of external  debt  because  of the  existence  of only one
negative root.
22interest  rates  are determined  by the  equilibrium  condition  of the  domestic
money market.  Consequently,  this  framework does not  require  the  rate  of
time  preference to  be equal at  all times to the  world interest  rate  to  ensure
a stationary  solution.  Therefore,  it has the  advantage  of not  having steady-
state  solutions that  depend on initial values. It  was shown that  a temporary
reduction  in the  devaluation  rate  leads to  a boom-recession cycle in output
and  consumption  (in the  latter  case following an  initial,  short-lived  down-
ward movement)  and  a sequence of current  account  deficits,  all in line with
evidence.
The  basic framework was then  further  extended  to  account  for capital
accumulation  in  the  presence  of investment  installation  costs.  We showed
that  the extended  model was able to replicate  a boom-recession behavior  for
investment  as well, as suggested by the evidence.
The  major  economic variable  that  our  analysis  of exchange-rate  based
stabilization  fails to describe is the real exchange rate.  This  limitation  is due
to the fact that  we model a one-good economy only. However, this framework
can be  further  developed  to  include  traded  and  non-traded  sectors,  as in
some existing  contributions.  With  sticky prices in the  nontradables  sector,
for instance,  a reduction  of the devaluation  rate  would directly  affect prices
in the traded  sector only, implying that  overall inflation would not  fall by as
much as the  devaluation  rate.  This  would lead create  an appreciation  of the
real exchange rate,  as documented  in the evidence.  The distinction  between
tradables  and  nontradables  would provide further  insight on the behavior  of
consumption  and the current  account, notably  by allowing for intratemporal
substitution,  in addition  to  consumption  smoothing  considerations.
23Appendix  I
Basic  Framework:
Impact  and  Steady-State  Effects
The saddlepath  solution to the system  is given by
c - c = r,(D* - b*),  (Al)
where  ,  _  (v-  XYD.)/Tf  =  GD*/(V  - G,)  <  0 and  v denotes  the  negative
root of the system.
It  can be established  that
dC/&  =  (T,GD*  - TD*Ge)/Q  <  0,  (A2)
dD*/dE = ('CGE - T,Gc)/Q,  (A3)
where,  as shown in  the  text,  G,  IF  <  0 and  (for stability)  Q =  D*GC  -
'I'GD-  < 0.  To show that  da/d& < 0 requires  showing  that  IQ,  GD*  - 'D*  GE  >
O  or that
X/'I'D*  >  Ge/GD*  =  (im s 6 - l)/m'PD*  =  /im
or equivalently
(0  +  I*0)A,  >  im
1 i*  +  (0 +  i  *0)AD*
Again,  with AD*  =-i,m  andA=  -A  :
-3(°  + I °I)  > im  [i  -im(0  +  J1*)]
or  i*/i,  <  0,  which always holds  because  im  <  0.  From  the  steady-state
condition  (30), di/dE =  1. From  (33):
dmldE  =  mrda/dE  +  mi  < 0,
which implies that  dR*/de  =  dfn/dE  < 0. This, in turn,  implies that,  because
di*/dl  =  0:
dD*/dE  =df*/dE  >  0.
24On impact,  using (Al)  and  (A2) and  noting that  dD*/de  = 0 and  GD*  +
r,G,  =  Kv:
dco/dE  =  d&/dE - ,(dD*/dE)  = -v(Ge-  ri')/Q  >  0.
From the equilibrium  condition  of the money market
dio/ds  = (ic + im,pc)(dcol/d) + imCPo  > 0,  (A4)
Since ic + im,pc and  im,So are  both  positive.  It  can  be  established  that
dio/dE -*  1 when -y  - 0, and that  dio/dE < 1 for -y  > 0.
Finally, from equation  (22), and given that  dio/ds  < 1:
dl*IdE  =  a-  {(dio/dE) - 1} < 0.
Because dD*/dE =  0,
dRl/dE  =  dmo/dE  =  dl1/de  <  0.
25Appendix  II
Extended  Framework:
Stability  Conditions  and  Steady-State  Effects
Using the solution for 1*  derived in Section III, the  current  account  equa-
tion  (48) can be written  as
D* = i*D* + O[A(c,  D*, E)JA(c,  D*, e) + c + g + kv(q)  - yS(c, k),
that  is
D*=  qf  (+ D*, q, k; E),  (Bl)
with  qfD*  and  E,  as defined in the text  and now
C  = 1 - (Oys/ac)  + (0 + i*6i,)A,,  Tq = kV',  k  =-0y 4 kk,
The dynamic  system now consists of (26), (45), (47), and  (Bi).  Taking a
linear  approximation  around the  initial steady  state  yields
C  - GC  O  GD*  0  -C
4  -hc  p  0  -hk  q] -1
D*  IF  C  f  q  TD*  XPk  D* -D*  ,  (B2)
k  -O  k1/ 0  0  k-k
where, in the  neighborhood  of the  initial steady  state,  '  =  k/Qband  'k=
-P.
Let  A denote  the  matrix  of coefficients on the  right-hand  side of (B2).
We have
trA  =  GC  + TD  + P > 0,  (B3)
det A  [hCGD*'k  +  hk  (GcTD*  - 'IGD*)]  > 0,  (B4)
where in  (B4) it is assumed  that  the  condition  GC,JD*  - qCGD* < 0, which
was shown to be necessary for saddlepath  stability  in the basic model, holds.
From (B3),  it follows that  there  is at least  one positive  characteristic  root.
Given (B3),  (B4) indicates that  there  are either  four positive  roots,  or two
positive and  two negative  roots. 25 The former case implies  that  the  system
25The case of four negative roots, which also gives det A  > 0, can be excluded given
(B3).
26is unstable  and  can be ruled out.  But the  conditions guaranteeing  two pairs
of roots  of opposite  sign cannot  be pinned down analytically.  However, the
values used in the numerical simulations  always generated  stable  adjustment
paths.26
The  steady-state  effects of the  extended  model are parallel  to  those  ob-
tained  with the basic framework.  Because the value of the Tobin's  q remains
unchanged  in the steady  state  (q = 1), the steady-state  value of capital  is a
function  of consumption  only  (k=  s(c) where  s'  <  0; see  (50).  Because of
this  inverse relationship  between  consumption  and capital,  the steady-state
condition  that  determines  the  stock  of external  debt  remains  qualitatively
unchanged  and  can  be  also reduced  to  be  a  function  of consumption  only
(D*=  d(c),  where  d'  <  0).  Finally,  the  steady-state  value  of consumption
can be shown to be negatively related to  a reduction  in the devaluation  rate,
just  as in Appendix  I.
26The "saddlepath" is, in this case, a two-dimensional  subspace of the four-dimensional
space spanned by the extended model.
27References
Abel, Andrew B., and Olivier J. Blanchard,  "An Intertemporal  Model of Saving
and  Investment,"  Econometrica,  51 (May 1983), 675-92.
Agenor,  Pierre-Richard,  Capital-Market Imperfections  and  the Macroeconomic
Dynamics  of Small  Indebted  Economies,  Princeton  Study  in  International
Finance  No. 82 (June  1997).
, "The Behavior of Real Interest Rates in Exchange-Rate  Based Stabilization
Programs,"  Review of Development  Economics, 2 (October  1998), 231-49.
Agenor,  Pierre-Richard,  and  Peter  J.  Montiel,  Development  Macroeconomics,
2nd ed., Princeton  University  Press  (Princeton,  New Jersey:  1999).
Armstrong,  J., R. Black, Douglas Laxton,  And D. Rose,  "A Robust  Method  for
Simulating  Forward-Looking  Models,"  Journal  of Economic  Dynamics  and
Control, 22 (April  1990), 489-501.
Calvo, Guillermo  A., and  Carlos  A. Vegh,  "Exchange Rate-Based  Stabilization
under  Imperfect  Credibility,"  in  Open Economy  Macroeconomics,  ed.  by
Helmut Frisch and Andreas Worgotter,  St.  Martin's  Press  (New York:  1993).
, "Inflation  Stabilization  and  Nominal Anchors,"  Contemporary  Economic
Policy, Vol XII (April  1994), 35-45.
Croushore,  Dean,  "Money in  the  Utility  Function:  Functional  Equivalence  to
a  Shopping-Time  Model,"  Journal  of  Macroeconomics,  15 (Winter  1993),
175-82.
Easterly,  William,  "When  is Stabilization  Expansionary?  Evidence  from High
Inflation,"  Economic  Policy, No. 22 (April  1996), 65-98.
Feenstra,  Robert  C.,  "Functional  Equivalence Between Liquidity  Costs  and the
Utility of Money," Journal of Monetary Economics, 17 (March  1986), 271-91.
Gould, David M., "Does the Choice of Nominal Anchor Matter?,"  Working Paper
No. 96-11, Federal Reserve Bank  of Dallas  (October  1996).
Hayashi, Fumio,  "Tobin's Marginal q and Average q: A Neoclassical Interpreta-
tion,"  Econometrica,  50 (- 1982), 213-24.
Helpman,  Elhanan,  and  Assaf Razin,  "Exchange Rate  Management:  Intertem-
poral  Tradeoffs," American  Economic Review, 77 (March  1987), 107-23.
Lahiri, Amartya,  "Exchange Rate Based Stabilizations  under Real Frictions:  The
Role of Endogenous  Labor Supply," unpublished,  Department  of Economics,
University of Maryland  (October  1994).
Reinhart,  Carmen M., and Carlos A. V6gh "Nominal Interest  Rates,  Consump-
tion Booms, and  Lack of Credibility:  a Quantitative  Examination,"  Journal
of Development  Economics  Vol. 46 (1995) 357-378.
28Rold6s, Jorge, "Supply-Side Effects of Disinflation Programs,"  IMF Staff Papers,
42 (March  1995), 158-83.
"On Gradual  Disinflation,  the Real Exchange  Rate,  and  the  Current  Ac-
count,"  Journal  of International  Money  and Finance,  16 (February  1997),
37-54.
Serven, Luis,  "Capital  Goods Imports,  the Real Exchange Rate  and the Current
Account,"  Journal  of International  Economics, 39 (August  1995), 79-101.
Stockman,  Alan,  "Anticipated  Inflation  and  the  Capital  Stock  in  a  Cash-in-
Advance Economy,"  Journal  of Monetary Economics,  8 (- 1981), 387-96.
Turnovsky,  Stephen  J.,  and  Partha  Sen,  "Fiscal  Policy, Capital  Accumulation,
and  Debt  in  an  Open  Economy,"  Oxford Economic  Papers,  43  (January
1991), 1-24.
Uribe,  Martfn,  "Exchange-Rate-Based  Inflation  Stabilization:  The  Initial  Real
Effects of Credible Plans,"  Journal  of Monetary  Economics, 39 (July  1997),
197-221.
Vegh, Carlos A., "Stopping High Inflation:  an Analytical  Overview,"  IMF  Staff
Papers, 39 (September  1992), 626-95.
Rebelo,  Sergio,  "What  Happens  when  Countries  Peg their  Exchange  Rates?,"
Discussion Paper  No.  1692, Centre  for Economic Policy Research  (August
1997).
Rebelo, Sergio, and Carlos A. Vegh,  "Real Effects of Exchange-Rate  Based Sta-
bilization:  An  Analysis  of Competing  Theories,"  NBER  Macroeconomics
Annual  1996, ed.  by Ben  S. Bernanke  and  Julio  J. Rotemberg,  MIT  Press
(Cambridge,  Mass.:  1997).
29Figure 1
Steady-State  Equilibrium
L  c  \
wy.SD*
yS  sFigure 2
Reduction in the Devaluation  Rate
c  j  i  ac=o




....  ...  ....  ...  . . ....  ...  ....  ...  .. . ....  ...  .. N....  ...
Q
y SFigure  3. Permanent  Shock
Figures  are in percentage  change  from base  run value (except  Real  Interest  Rate)
REAL  OUTPUT  NET INVESTMENT*
0.6  6-
0.4  4  4-
0.2 - 2
-0.2  -2J
CONSUMPTION  DOMESTIC  ABSORPTION
0.61  0.6
0.4  0.4
0.2  0.2 ,
0Or-'-  . rr¶-rr-,-<-rr:----r--  - - - - - -,
-0.2  - - -0.2!  -'
-0.4  -0.4  -
-0.6  -0.6
TOBIN'S Q  REAL  INTEREST  RATE




0.02 - |  1.5  X
0  0.5
-0.02  O  0  --.- r-,-.r---
EXTERNAL  DEBT  CAPITAL  STOCK
0  0.8
-2  0.6  -
-4-
-10  0
-12 J  -0.2
- - sigma=0.3  sigma=0.8
* Net Investment  is presented  in proportion  to Output.Figure  4. Temporary  Shock
Figures  are in percentage  change  from base  run value (except  Real Interest  Rate)
0.4 i,xREAL  OUTPUT  0.4  NET  INVESTMENT*
02  .3\  0.3  -
-0.2  -0.2
CONSUMPTION  ~~~~DOMESTIC  ABSORPTION
06
0.2  CONSUMPTION06  DOETCASR  IN
0.1  0.4
0  ~~~~~~~~~~~~~~~~~~~0.2
-0.2  I  -0.4
i0  2  -0.2 -
-0.3 d/-0.4
-0.4  -0.6  l
0.035  TOBIN'S  Q  35  REAL  INTEREST  RATE
0.025  3-~~~~~~~~~.~.  _______ 0.01  -1. -
0.00si  15-  l
o(  015  - f  C 
0  A  EXTERNAL  DEBT  O-3  CAPITAL  STOCK
0  ~~~~~~~~~~~~~~03
-2  -0.2
--- sigma=0.3  - sigma=0.8
*  Net Investment  is presented  in proportion  to Output.Policy  Research  Working  Paper  Series
Contact
Title  Author  Date  for  paper
WPS2289  Exchange Rate Overvaluation and  Howard J. Shatz  February 2000  L. Tabada
and Trade Protection: Lessons  David G. Tarr  36896
from Experience
WPS2290  Decentralization and Corruption:  Raymond  Fisman  February 2000  E. Khine
Evidence across Countries  Roberta Gatti  37471
WPS2291  Incentives for Pollution Control:  Jer6me Foulon  February 2000  Y. D'Souza
Regulation andPublic  Disclosure  Paul Lanoie  31449
Benoit Laplante
WPS2292  Dividing the Spoils: Pensions,  Ethan B. Kapstein  March 2000  P. Sader
Privatization, and Reform  Branko Milanovic  33902
in Russia's Transition
WPS2293  Should Capital Flows be Regulated?  Roumeen Islam  March 2000  R. Islam
A Look at the Issues and Policies  32628
WPS2294  Reforming  the Urban Water System  Mary M. Shirley  March 2000  P. Sintim-Aboagye
in Santiago, Chile  L. Colin Xu  38526
Ana Maria  Zuluaga
WPS2295  Resolving Bank Failures in Argentina:  Augusto de la Torre  March 2000  M. De Loayza
Recent Developments and Issues  38902
WPS2296  An Ecological and Historical  Yujiro Hayami  March 2000  P. Kokila
Perspective on Agricultural  33716
Development in Southeast Asia
WPS2297  Sources of Ethnic Inequality  Dominique van de Walle  March 2000  H. Sladovich
in Vietnam  Dileni Gunewardena  37698
WPS2298  Fiscal Deficits, Monetary Reform,  Nina Budina  March 2000  N. Budina
and Inflation Stabilization in Romania  Sweder van Wijnbergen  82045
WPS2299  Household Savings in Transition  Cevdet Denizer  March 2000  A. Cubukcu
Economies  Holger C. Wolf  38449
Yvonne Ying
WPS2300  Single Mothers in Russia: Household  Michael Lokshin  March 2000  P. Sader
Strategies for Coping with Poverty  Kathleen Mullan Harris  33902
Barry Popkin
WPS2301  Identifying Welfare Effects from  Martin Ravallion  March 2000  P. Sader
Subjective Questions  Michael Lokshin  33902Policy Research  Working  Paper  Series
Contact
Title  Author  Date  for paper
WPS2302  Why Liberalization  Alone  Has Not  Klaus  Deininger  March  2000  M. Fernandez
Improved  Agricultural  Productivity  Pedro  Olinto  33766
in Zambia:  The  Role  of Asset
Ownership  and  Working  Capital
Constraints
WPS2303  Malaria  and  Growth  F. Desmond  McCarthy  March  2000  H. Sladovich
Holger  Wolf  37698
Yi Wu